Development of a quantitative spectrophotometric assay for lectins by Goppert, Kim E.




Development of a quantitative spectrophotometric
assay for lectins
Kim E. Goppert
Follow this and additional works at: http://scholarworks.rit.edu/theses
This Thesis is brought to you for free and open access by the Thesis/Dissertation Collections at RIT Scholar Works. It has been accepted for inclusion
in Theses by an authorized administrator of RIT Scholar Works. For more information, please contact ritscholarworks@rit.edu.
Recommended Citation
Goppert, Kim E., "Development of a quantitative spectrophotometric assay for lectins" (1982). Thesis. Rochester Institute of
Technology. Accessed from
DEVELOPMENT OF A QUANTITATIVE SPECTROPHOTOMETRIC
ASSAY FOR LECTINS
kIM E . GOP PERT
APRIL , 1 982
THES IS
SUBMITTED IN PARTI AL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEG REE OP MASTER OF SC IENC E
APPROVED:
David A. Hi ltxm




Roches ter Institute of Techno101ilY
Roches t er, Nev York
Depar tment of Chemis t r y
STATEMENT FOR GRANTING OR DENYING PE~~ I SS ION TO REPRODUCE THESIS
The author of the thes is should complete one of the following
sta tements and incl ude thi s sta tement as the f irs t page of t he
thesis. If the author does not wish to gi ve permission to reproduce
the thesi s . then the f irst page of the thes is will be both statements
typed out but not filled i n.
I Kim E. Goppert
deny) permission to t he Wal lace Memori al Li brary,
herebY~
of R. I. T•• to
reproduce my thes is i n whol e or in part. Any reproduction will no t
be for comme ri cal use or profit .
OR
r prefer to be
contacted each t ime a reques t for reproduction i s made. I can be
reached at the following address :
^
ACKNOWLEDGEMENTS
The author would like to gratefully acknowledge the
valuable guidance, encouragement, and patience given by my
research advisor, Dr. David Hilborn, throughout this pro
ject. I wish to extend my appreciation to Drs. William
Bigler, Joseph Lippert, and Gerald Takacs for their valuable
time and suggestions as members of my research committee. A
sincere thanks to Kristine A. Moon for typing this thesis.
I wish to acknowledge the entire Chemistry Faculty for
their contributions during my graduate study and the
Rochester Institute of Technology Chemistry Department for
the financial aid received.
Finally, a sincere thanks to my fellow graduate
students for their moral support and friendship.
ABSTRACT
A new quantitative spectrophotometric assay for lectins
has been developed. It involves mixing a copolymer with a
lectin solution and measuring the absorbance change as a
function of time as the resulting solution becomes turbid.
The slope obtained could be correlated quantitatively with
the amount of lectin present. The assay has sensitivity
problems at low lectin concentrations and also a reproduci
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A new spectrophotometric assay for lectins has been
developed. Previous assays had not been quantitative if
they were easily performed or if they were quantitative,
they were inconvenient to carry out. This assay allows for
both a convenient and quantitative measurement of lectin
activity. Problems encountered when using other assays in
volving red blood cells such as cell lysis and critical pH
and salt concentrations are eliminated. The assay is quanti
tative for the lectin Concanavalin A and also shows promise
for the lectin favin.
History of Lectins
Lectins are proteins found almost exclusively in plant
seeds, particularly legumes. They also occur in some inver
tebrates such as snails and horseshoe crabs. These proteins
are able to agglutinate erythrocytes (red blood cells) and
other cell types. Plant agglutins are usually referred to
as phytohemagglutins or phytoagglutins. Some examples of
lectins are Con A* from the jack bean, soybean agglutin and
favin from the fava bean (1).
*The abbreviations used in the text are Con A, Concanavalin
A; SDS, sodium dodecyl sulfate; ABS, acetate buffered
saline; PBS, phosphate buffered saline; MLA, Medical
Laboratories Automation Automatic Pipet; BSA, bovine serum
albumin.
The interest in lectins began in 1888 when Stillmark
observed the agglutination of red blood cells by castor bean
extract (1). Shortly afterwards a German bacteriologist,
Paul Ehrlich, recognized that he could study various aspects
of immunology by using lectins rather than bacterial toxins.
In 1908, Landsteiner and Raubitschek reported that lectins
were species-specific; that is, they found that lentil
lectin would agglutinate rabbit red blood cells and that the
same lectin had no effect on pigeon red blood cells even
when present in high concentrations (2). The first lectin
to be purified was Con A from the jack bean, which was
crystallized by James B. Sumner in 1919 (1). In 1936,
Sumner and Howell discovered that the addition of Con A to a
solution of glycogen caused the glycogen to precipitate out
of solution. Also, they reported the inhibition of the ag
glutination reaction of red blood cells in a lectin solution
by addition of cane sugar to the solution. This observation
led Sumner and Howell to propose that hemgglutination might
be the result of the reaction of the protein with the carbo
hydrates on the surface of the red blood cells (Figure 1).
This early explanation was supported in 1952 by Watkins and
Morgan of the Lister Institute in London, who found that
hemagglutination by lectins could be inhibited or prevented
by the addition of certain simple sugars to the solution.
This was explained by suggesting that inhibitory sugar
molecules occupy the combining sites on the lectin, thus in-
FIGURE 1
Cell Membrane Model. A cell membrane is an assembly of
lipids and proteins. A bilayer of lipid molecules, each
with a water-soluble head and water-repellent double tail
form the structural framework. Protein molecules (dark) are
embedded in it. Some of the proteins are glycoproteins,
with branching chains of sugar units (squares and triangles)











terfering with the attachment of the units on the red blood
cells to the lectin (Figures 2 and 3) (3). In 1942 Boyd and
Roguera discovered that lectins are blood-group specific
(4). One type of lectin will only agglutinate one parti
cular blood type and not any of the others. They found that
lima bean lectin would agglutinate human type A red blood
cells but not type B or 0. In 1953, Watkins and Morgan
established the connection between blood group specificity
and sugars. They reported that agglutination of type A red
blood cells by lima bean lectin was best inhibited by the
sugar N-acetylgalactosamine and thus determined that sugar
to be a determinant of type A specificity. This property of
inhibition of the agglutination reaction has aided re
searchers in identifying and mapping the sugars on the sur
face of cells. Early work by Watkins and Morgan was one of
the first pieces of evidence for the presence of sugars on
cell surfaces (3).
Biological and Physical Properties of Lectins in General
In addition to their ability to agglutinate red blood
cells and to do so with specificity, lectins have other un
usual and interesting biological and physical properties.
Some lectins are mitogenic, that is, they can stimulate the
transformation of lymphocytes (white blood cells) from small
"resting"
cells into large blast-like cells that undergo
mitotic division. The fact that lymphocytes are stimulated
FIGURE 2
Schematic diagram showing agglutination and inhibition.
A. Agglutination is the result of crosslinking of cells by
lectins (dark circles) that bind to specific oligosac
charides on the cell surface.
B. Agglutination is inhibited if the monosaccharide (small
squares) that is responsible for the binding is added to the
cell suspension, because the monosaccharide occupies the
combining sites on the lectins (3).

FIGURE 3
Idealized picture of binding sites on lectins. Binding
sites are thought to be grooves into which particular sugars
fit, with certain functional groups of the sugar making
contact with small combining regions (dark) on the lectin.
A. Soybean agglutinin binds to acetyl-galactosamine.
B. Peanut agglutinin binds galactose but more strongly to a
combination of galactose and acetyl-galactosamine indicating
that its binding site may have additional combining regions
(hatched areas) (3).

by lectins is useful in studying the biochemical events in
volved in the conversion of a resting cell into an actively
growing one (1) .
+2
Lectins generally have a metal ion, usually Mn or
+2
Ca
, contained in the folds of the protein chain. If
this metal ion is removed (e.g., by dialysis against EDTA)
the agglutination activity is destroyed, but activity is
restored when the ion is replaced (5).
Most lectins contain covalently bound sugars and can
thus be classified as glycoproteins (1).
Because most lectins aglutinate malignant cells more
readily than normal cells, various researchers have proposed
that the surfaces of transformed cells differ from normal
cell surfaces. Lectins may thus help to reveal the changes
that cells undergo when they become malignant. Burger of
Princeton University reported that even among normal cells a
small percentage are always agglutinated. He identified
those as being in the process of mitosis and concluded that
during mitosis the surface of a normal cell is to some ex
tent similar to that of a transformed cell (3).
The reaction between lectins and their specific sugars
has been likened to the reaction of an antibody with an anti
gen. The precipitation reaction between a lectin and
suitable polysaccharide or glycoprotein is very similar to
an antibody-antigen precipitation; the lectin acts as the
antibody and the sugar acts as the antigen. In both systems
10
the precipitate that is formed will dissolve when either one
of the reactants is present in excess. Thus, the binding
between the lectin and the sugar is thought to be weak and
reversible (3).
There are major differences between lectins and anti
bodies. Higher animals' systems manufacture antibodies in
response to stimulation by a foreign substance whereas
lectins are present as constituitive proteins in plants.
Antibodies respond to many classes of compounds (e.g.,
sugars, nucleic acids, etc.), but lectins bind only to carbo
hydrates. A third difference is that all antibodies are
structurally alike, but lectins are structurally diverse
(Table 1) (3).
There are several suggestions for the role of lectins
in nature. They may protect plants by binding to soil
bacteria and by inhibiting fungal polysaccharases (6).
Studies have shown that wheat germ agglutinin inhibits
growth of fungi that contain chitin in their cell walls (3).
Another role of lectins may be for sugar transport and
storage. Mitogenic lectins may control cell division and
germination in plants. None of these hypotheses have been
proved and many researchers have suggested that the biologi
cal properties of lectins observed in the laboratory have no
relation to their function in nature (1).
11
TABLE I (8)
CHEMICAL PROPERTIES OF SOME LECTINS






Jack Bean Man, Glc, Fru
Soybean 60,000 2 GalNAc, Gal
Lima Bean I 269,000 8 GalNAC
II 138,000 4
Garden Pea 49,000 4 Man, Glc
Wheat 23,000 1 GlcNAC
Eel 123,000 3 Fuc






Biological and Physical Properties of Con A and Favin
The lectins used in this project were Con A and favin.
Con A is widely used for research because of its ease of pre
paration and the availability of a wide variety of low and
high molecular weight saccharides with which it can inter
act. Con A agglutinates cells transformed by DNA tumor
viruses or carcinogens much more readily than normal cells.
It is also hemagglutinating, mitogenic, and toxic to lympo-
cytes at high concentration. Much more is known about the
physical, chemical, and biological properties of Con A than
any other lectin (1).
Con A has a molecular weight of 100,000 at a pH of 7.0
(7). Its quaternary structure at a pH of 6.7 and above is a
tetramer composed of identical protomers of molecular weight
25,500 (Figure 4). At pH
*
s less than 6.0 it exists as a
dimer (1). Each protomer has 237 amino acid residues and
binding sites for one transition metal ion, nominally
+2 +2 +2
Mn
, Ca , and one saccharide. Ca binding can
occur only after the transition metal ion site is filled and
both metal ions are required for saccharide binding to occur
(7).
Con A forms a precipitate with numerous polysaccharides
that contain multiple terminal nonreducing a-D glucosyl or
a-D mannosyl residues or related compounds. Polysaccharides
that bind Con A can inhibit red blood cell agglutination.
Stereoisomers of these polysaccharides (e.g., galactose) do
13
FIGURE 4
Schematic representation of the structures of Con A and
favin.
14
CONCANAVALIN A , pH? 6.7
FAVIN ,pH*7.4
15
not inhibit the biological activities of Con A. Con A, un
like many other lectins, does not contain a covalently bound
sugar residue (1).
Favin
Because favin is biologically and physically similar to
Con A several researchers have suggested that these two
lectins are evolutionarily related (9). There are also
distinct differences between the two lectins. So, because
of
favin'
s similarities and differences from Con A, it was
also chosen for this project.
Favin has two nonidentical polypeptide chains, whereas
Con A has one. The a-chain of favin, molecular weight of
5,600, is homologous to amino acid residues 72-120 of Con A
(Figure 5). The /3-chain, molecular weight of 20,000, con
tains some mannose and glucosamine (Con A has no carbo
hydrate portion) and has amino acid homology with the rest
of the Con A sequence (Figure 5). As shown in Figure 5, a
circular permutation gives maximum homology between Con A
and favin. Some favin molecules contain
j3'
chains, which
have a molecular weight of 18,700, rather than a 0-chain.
This chain resembles the /8-chain in amino acid composition
but it lacks most or all of the carbohydrate (1). At pH













s sugar specificity is for D-mannose
and
D-glucose, the same as Con A (1). Preliminary studies have
indicated that favin contains stoichiometric amounts of
+2 +2
Mn and Ca as does Con A (9). Because favin has many
of the same amino acid sequences as Con A (Figure 5 ) , it
was suggested that the 3-dimensional structure of the two
would be similar. Where the a-chain ends and the /3-chain
begins in favin, homologous to residues 120-123 in Con A,
there is a site at which a natural cleavage of Con A occurs.
This suggests that both lectins may be initially polymer
ized as a large precursor molecule that yields different
forms due to post-translational modification (10).
One distinct difference between the two lectins is that
favin lacks amino acid residues corresponding to residues
1-71 of Con A. These residues in Con A are the compact
structural unit that contains most of the ligands for the
metal atoms and some residues thought to be involved in car
bohydrate binding (9).
The properties of each lectin are summarized in Table
II. From this, one can see that these two lectins are
indeed similar.
Description of Assay
The assay developed in this
work involves measurement
of the turbidity change with time of a
suspension formed by
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lamide. A curve is obtained and the initial slope of these
curves was found to be quantitatively related to the amount
of lectin present. The shape of these curves is also
similar to those produced by the precipitation of lectins
with natural polysaccharides. The copolymer serves as a
model substance for natural polysaccharides. The advantages
of the copolymer over the polysaccharides is that the poly
saccharides are very complex compounds so that it may be
difficult to decide exactly what group is responsible for
the interaction with the lectin. The synthetic water-
soluble copolymers used in this study contain only one type
of sugar residue. The copolymer is prepared by the
copoly-
merization of acrylamide and allyl glucose (see Appendix,
pg. I) (11). The acrylamide polymer backbone is inert.
MATERIALS AND METHODS
Lectins
Concanavalin A was obtained from Sigma Chemica
Company. Favin was isolated by the method reported b;
Brennan (8) (Figure 6) from fava bean seeds obtained froi
Harris Seed Company, Rochester, NY. The protein concentra
tion of the favin was determined by the Lowry method (12)




Reagents for SDS slab gel electrophoresis were prepared
as described by Maizel (13). Sources for the reagents were
as follows: acrylamide (J. T. Baker); SDS (Sigma);
-mercapto ethanol (J. T. Baker); bromophenol blue (Sigma);
glycerin (Sigma); Tris(hydroxyl methyl )-aminomethane (Trizma




lene diamine, TEMED (j. T. Baker); ammonium persulfate (J.
T. Baker). Electrophoresis was performed using a replica of
the apparatus described in the literature (14). An acryla
mide concentration of 13% was used for the resolving gel.
Samples (about 2 mg/ml) were dissolved in a buffer con
taining 0.1% SDS and 1.0% /3-mercaptoethanol. The samples
then were heated at 100 C for 2 minutes. After electropho
resis for 8 hours at 40 volts (15 mamps), the gel was
stained overnight in Coomassie Blue followed by a destaining
solution (10% acetic acid, 25% isopropanol, 65% water) until
the gel was clear.
Buffers
Buffers used routinely in this project were ABS (0.15M
NaCl, 0.01M CH C00~Na+, pH 4.0), and PBS (0.15M NaCl,
0.01M Na2HP04, 0.01M NaH2P04, pH 7.2
22
FIGURE 6
Outline of favin isolation and purification procedure.
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Preparation of O-glycosyl Polacrylamide Copolymers
(Appendix 1A)
Recrystallized acrylamide (.500g), glucose allyl
glycoside (1.00-1.25g; for preparation, see reference 15)
and ammonium persulfate (0.25g) were dissolved in 10 ml
distilled water and the solution put into a boiling water
bath for 5 minutes. After cooling for 10 minutes, 30 ml of
TEMED was added to the solution, mixed, and allowed to sit
for 5 minutes. The solution was diluted to 30 ml and
dialyzed against 4 liters of distilled water for 72 hours
with several changes of water. After dialysis the solution
was lyophilized (11). A typical yield was 500-700 mg
copolymer. The incorporation of the sugar units into the
copolymer can be regulated by the amount of allyl glycoside
used.
Sugar Content Estimation in Copolymers
The concentration of neutral sugar in the copolymer was
determined by using a phenol-sulphuric acid method (16).
This is a colorimetric test for reducing sugars and poly
saccharides present in submicro amounts. A calibration
curve was constructed using glucose standards.
Determination of Sedimentation Coefficient
A Beckman Model E Analytical Ultracentrifuge equipped
with schlieren optics was used. All experiments were per-
25
formed using a rotor with a 12 mm single sector cell with
schieren window holders and counter balance at room tempera
ture. Photographic plates were Kodak spectroscopic II G and
metallographic I-N (backed). The exposure time was thirty
seconds. The rotor speed was 5 0,000 rpm. Copolymer concen
tration of 0.3% in distilled water was used. Plates were
developed for five minutes in Kodak D-19 developer, washed
for thirty seconds in a water bath, fixed for three minutes
in Kodak Rapid Fix, and washed for thirty minutes in a water
bath. The analysis of the schlieren peaks was done on a
Nikon Microcomparator. For a more detailed explanation of





A Cary 219 spectrophotometer recorded the absorbance as
a function of time at 500 nm (Figure 7). A slit width of
1.0 nm was used. For 1.0 ml quartz cells, 0.2 ml of co
polymer solution and 0.6 ml of lectin solution were used.
The protein solution was pipetted into the cell, then the co
polymer solution was added. Mixing was assumed to be accom
plished by using MLA pipettes to dispense the copolymer
solution. Con A was dissolved in PBS and filtered through
millipore filters (pore size = 0.45 fxm) to remove any in
soluble particles. Favin was dissolved in ABS and also
filtered; however, problems were encountered with the
26
FIGURE 7
Typical absorbance (500 nm) versus time curve obtained with




















stability of the protein which will be discussed later. The
copolymer solution was prepared by dissolving the desired
amount of lyophilized copolymer in either PBS or ABS
depending upon which lectin was used. All lectin and co
polymer concentrations refer to their respective concen
trations before mixing. A quartz cell containing the
appropriate buffer solution was used as the blank. A slope
was then determined from the initial linear portion of the
curve by measuring the slope of the line drawn through this
region (Figure 8). The slope of this line has units of
absorbance units/seconds and gives some indication of the




The sugar concentration of the copolymer was determined
using the previously described phenol-sulphuric acid method.
From a calibration curve (Figure 9) constructed from glu
cose standards, a sugar content of 31.1% was determined for
the first copolymer synthesized.
The 31.1% sugar copolymer had a 2.36 Svedbergs
sedimentation coefficient. A schlieren peak pattern is
shown in Figure 10. The copolymer molecular weight was
estimated from a table (18) of protein molecular weights and
29
FIGURE 8

























Standard curve of absorbance at 500 nm versus glucose concen
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sedimentation coefficients to be between 17,000 and 20,000.
This is a rough estimation because the proteins are globular
in nature and it is not known what the structure of the co
polymer is. Additional data such as partial specific volume
of the copolymer and diffusion coefficient would be needed
to calculate the molecular weight.
Lectin Assay
Concanavalin A was used in initial experiments with the
assay because of its well established characteristics. A
lectin concentration of 0.2% (w/v) and copolymer concentra
tion of 1.0% were used since these concentrations were
previously shown to give a measurable slope (15). The curve
shown in Figure 11 was obtained. Many experiments were per
formed to try to characterize the assay and it is these
results that will now be discussed. In an attempt to deter
mine what effect the copolymer concentration has on the
assay, the copolymer concentration was varied while the Con
A concentration was held constant. Slopes from duplicate
assays were averaged in all experiments. When a series of
these curves were made by using one Con A concentration and
a series of copolymer concentrations, the slopes varied as a
function of the copolymer concentration. The results,
plotted in Figure 12, gave a bell-shaped curve with a co
polymer concentration of 0.0312% giving the steepest slope
at a Con A concentration of 0.2%. Note that the x-axis is a
34
FIGURE 10
Schieren pattern photographed during sedimentation velocity
run on 31.1% sugar copolymer (concentration = 0.3% in
distilled water). The exposure time was 30 seconds. The
centrifuge speed was 50,000 rpms. The experiment was per




Curve obtained with 0.2% Con A and 0.0312% copolymer in PBS
on Cary 219 (range = 2.0, chart speed = 50 sec/cm). This





















Lectin assay slope versus copolymer concentration at 2.0%




nonlinear scale; the y-axis is a linear scale. If the same
data is plotted with both axes linear, one obtains the curve
shown in Figure 13. At copolymer concentrations above or
below 0.0312%, the slope <AA5Q0/sec) declines. At a
concentration of 0.00195% the slope becomes quite small.
However, these slopes can be readily measured even though
they are quite small (Figure 14).
The effect of varying the Con A concentration on the
assay was studied by making a series of copolymer solutions
and then running this series with different concentrations
of Con A. From the previous experiment, it had been sus
pected that there was a critical ratio of lectin to copoly
mer that would give the maximum slope. So, if one of the
reactants were decreased, the other one would also be ex
pected to be decreased by the same amount. The results are
shown in Figure 15. The slopes have been normalized so that
while all peaks appear to occur at the same slope, they in
fact do not. The slopes are the average of two trials. A
plot of copolymer concentrations versus Con A concentrations
that give the maximum slope illustrates the expected depen
dence between the concentrations (Figure 16). The indepen
dence at low concentrations of Con A will be discussed
later.
One important aspect of interest in the assay was the
reproducibility of the results on consecutive runs on the
same day and on a day to day basis. Thus, the previous
41
FIGURE 13
Plot of lectin assay slope versus copolymer concentration at





Examples of assay curves with small slopes at copolymer







Plot of lectin assay slope versus copolymer concentration at
various Con A concentrations illustrating the effect of Con




















Graph of copolymer concentrations versus Con A concentra
tions that give maximum slopes.
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experiment was repeated the following day with a new series
of copolymer solutions (which were made from a different
batch of copolymer). The percent error for consecutive runs
was 13.0%; for runs made on separate days (using different
copolymer) the error was about 34.0%.
A copolymer concentration (0.0156%) that gave a large
slope at all Con A concentrations was chosen for the next
series of experiments. At this copolymer concentration,
various Con A concentrations were tested in an effort to
correlate the slope with the amount of Con A present (Figure
17). At low lectin concentrations, the slopes are hard to
measure (Figure 18).
In an attempt to get data at lower concentrations , the
assay was run on a Perkin-Elmer Fluorescence Spectrophoto
meter since this instrument can be used to measure scattered
light directly while the Cary measures the difference
between two signals (the sample and the blank). An improve
ment of only one additional data point over the Cary was
obtained and there was still much noise with poor reproduci
bility. An attempt was made to improve the reproducibility
by making enough of the lectin and copolymer solutions so
that the same solutions could be used for subsequent trials
the next day. The percent error for consecutive runs on the
same day was about 7.0% with a 20% error for runs on dif




Plot of assay slope versus Con A concentration at a constant
copolymer concentration of 0.0156%.
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FIGURE 18
Examples of low signal to noise ratio in small slopes
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The problem of obtaining measurable slopes at low con
centrations was quite bothersome. An experiment performed
in an effort to overcome this was to synthesize copolymers
with different sugar concentrations. Copolymers with
varying sugar concentrations (18.5%, 46.7%, and 50.3%) were
prepared by changing the amount of allyl glucose used (Table
III). Serial dilutions of each of the three copolymers were
prepared and then the assay was run using 0.2% Con A. The
resulting slopes plotted as a function of copolymer concen
tration are shown in Figure 19.
In order to see if there was some relationship between
the structure of Con A and its reactivity, buffer solutions
in a pH range of 6.0 to 7.2 were used to dissolve both the
copolymer and the lectin. Recall that at a pH less than
6.0, Con A exists as a dimer and at pH's 6.7 and above, it
is a tetramer. A Con A concentration of 0.2% and a copoly
mer concentration of 0.0312% were used since this combi
nation gives a large slope. The results plotted as slope
versus pH are shown in Figure 20.
Favin Studies
The protein isolated from the fava beans was subjected
to SDS slab gel electrophoresis. Three distinct bands were
identified. Standards with known molecular weights were
electrophoresed, a calibration curve was plotted, and the
molecular weights of the three bands were found to be
55
TABLE III
ALLYL GLUCOSE WEIGHTS (Added to Standard
Reaction Mixture) % SUGAR IN COPOLYMERS
Amount
Copolymer # Allyl glucose (gr,ams) % Sugar
1 .5066 18.5
2 1.0104 50. 3
3 1.5077 46. 7
56
FIGURE 19
Graph illustrating the effect of % sugar in the copolymer on





Graph of assay slope versus pH illustrating the relationship






18,400, 17,000, and 9,750 (Figure 21). This pattern of
three bands agrees with previous results using favin re
ported in the literature (10). A Lowry determination on the
favin preparation, using bovine serum albumin (2 mg/ml) for
the calibration curve (Figure 22), gave a protein concentra
tion of 9.8 mg favin/ml.
Initially the favin preparation was dissolved in PBS
(pH 7.2) and curves were obtained (Figure 23). These curves
were unusual compared to those of Con A. The Con A aggluti
nation reaction curve is linear at early times and then
tailed off; the slope of the favin curves increased with
time. This, coupled with the observation that shortly after
the favin solutions had been made they became increasingly
cloudy, indicated that these curves were probably due to the
precipitate formation and not an agglutination reaction.
Because favin may not be stable at pH 7.2, the buffer was
changed to ABS (pH 4.0) and the copolymer was prepared in
the same buffer. However, even after using a wide range of
lectin and copolymer concentrations, no slopes were ob
tained. The buffer was then changed back to PBS and
different pH's were tried until one that gave little precipi
tate was found. A pH of 6.3 was chosen and the assay was
run with favin concentrations of 0.19 5% and 0.110% with a
range of copolymer concentrations. A typical curve obtained
under these conditions is shown in Figure 24. Even at a pH
of 6.3, there was still some visible favin precipitation
61
FIGURE 21
Calibration curve for SDS electrophoresis. Open circles
correspond to the molecular weights of the favin bands;






































Standard curve for Lowry determination of the amount of






















Lectin assay curve obtained with 0.10% favin and 0.0312%


















Lectin assay curve obtained for 0.2% favin and 0.0312%




which caused some question as to whether the results ob
tained were the result of the lectin-copolymer reaction or
due to precipitation of the lectin. When the data was
plotted as assay slope versus copolymer concentration
(Figure 25), the graph had the same general shape as did the
results from Con A. Also, from Figure 25 one can see that a
decrease in the lectin concentration shifts the peak to the
left as was case with Con A.
The results using a range of favin concentrations with
one copolymer concentration (Figure 26) resemble the results
obtained with Con A.
DISCUSSION
Copolymer Studies
As determined from the ultracentrifuge experiment, the
sedimentation coefficient for the 31.1% sugar copolymer is
2.36 Svedberg units. Although the molecular weight cannot
be calculated from the sedimentation coefficient without the
diffusion coefficient and partial specific volume, proteins
with similar sedimentation coefficients have a molecular
weight (18) between 17,000 and 20,000 g/mole. However, this
estimate can only be used if the copolymer is assumed to be
globular. The symmetry of the Schlieren peak is an indi
cation of the homogenity of the copolymer. The results from
using different weights of allyl glucose to synthesize the
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FIGURE 25
Graph of assay slope versus copolymer concentration illu



















Plot of assay slope versus favin concentration at a constant
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copolymer seem to indicate that there is a maximum amount of
sugar residues that can be incorporated into the copolymer.
Con A Studies
Assays using Con A and copolymer had a linear portion
in the rate curve that were used to obtain the rate of the
agglutination reaction. A graph of assay slope versus
copolymer concentration at a constant lectin concentration
shows that there is a critical weight ratio (0.15:1, co
polymer: lectin) of the two reactants at which the rate of
reaction is maximal. The slope (or rate of reaction)
appears to depend on both the lectin and copolymer concentra
tions. If the copolymer concentration and the slope are
known for a reaction, it should be possible to find the
lectin concentration providing the relationship between all
three variables is known. The results from varying the Con
A concentration over a range of copolymer concentrations
(Figure 15) support the critical ratio theory. If the
concentration of one reactant were halved, one would expect
the concentration of the other reactant to also be halved in
order to obtain the same ratio for the maximum slope. In
other words, the peak maximum should be shifted to the left
as was observed. However, at low copolymer and lectin
concentrations the peak occurs at the same copolymer concen
tration even though the lectin concentration is halved.
This is probably due to experimental error of two kinds.
75
One is that there are too few data points in the peak region
to allow for a peak maximum determination within one concen
tration unit. Since the change in the slope is large from
one concentration to the next, any error is greatly magni
fied. The second error is the difficulty in measuring small




A possible explanation for the critical ratio of lectin
to copolymer is the following. At high copolymer concentra
tions there is so much more copolymer present compared to
lectin that significant cross-linking between copolymers by
the lectin does not occur. At low concentrations of copoly
mer, significant cross-linking again does not occur since
there are so few copolymer molecules compared to lectin
molecules that the lectin binds to all the sugar residues on
a particular copolymer thereby preventing cross-linking
(Figure 27).
Thus the rate of the agglutination reaction depends on
the concentrations of both the lectin and copolymer.
Varying the concentration of one reactant necessitates that
the concentration of the other reactant change by the same
amount in order to maintain the same slope. If the concen
tration of copolymer is held constant and the lectin
concentration varied, one should be able to obtain a curve
which relates assay slope quantitatively to the amount of
lectin (Figure 17). The same general graph was obtained for
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FIGURE 27
Pictorial explanation for the critical ratio theory.
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LOW CONCENTRATIONS OF COPOLYMER
= Lectin
= Copolymer









both Con A (Figure 17) and favin (Figure 26). From these it
can be seen that a quantitative assay is possible. One
problem is the reproducibility of the results. The best
percent error was 20.0% for day-to-day results. This was
achieved by using the same copolymer solution as was used
the previous day and also by using the same preparation of
copolymer for all runs of a particular assay. The percent
error for consecutive runs was, on the average, about 8.0%.
The percent sugar in the copolymer does appear to
affect the slope or rate of the reaction but not enough to
significantly increase the small slopes obtained under
certain conditions. If the sugar concentration is doubled,
the slope is increased by a factor of four. A factor of at
least ten is needed to put the small slopes in a measurable
range. This experiment also shows that there appears to be
a limit to the amount of sugar that can be incorporated into
the copolymer no matter what amount of allyl glucose is
used.
The pH studies on Con A indicate that the structure of
Con A does definitely affect its reactivity or the lectin
assay slope. The tetramer conformation reacts almost eight
times faster than the dimer. The region of greatest change
in assay slope is the area where both conformations exist.
One explanation for the difference in reaction rate is that
the pH alters the charge distribution of the protein
molecule so much that a conformational change takes place
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which makes the binding sites of Con A less suitable to
binding with the polysaccharide.
Favin Studies
SDS gel electrophoresis of the protein isolated from
the fava beans were consistent with it being favin. Three
bands were detected. The molecular weights for these bands
obtained from the calibration curve were less for the
heavier two bands and greater for the lighter band than
previously reported literature values. These results are,
however, consistent with the anomalous mobilities of smaller
proteins on SDS polyacrylamide gel electrophoresis (10).
Favin also has a critical ratio of lectin to copolymer
that gives the maximum assay slope. Results from a range of
favin concentrations and one copolymer concentration gave
the same shaped curve (Figure 26) as Con A when plotted as
assay slope versus copolymer concentration. The assay seems
to be quantitative for favin also.
In conclusion, there does seem to exist a quantitative
relationship between the lectin concentration and assay
slope at a specific copolymer concentration. This assay is
more quantitative than previously developed assays. The
main drawback is the reproducibility of the slopes which
could be improved with a better understanding of all of the
variables influencing the assay.
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APPENDIX I
PROPOSED STRUCTURE OF COPOLYMER (11) AND
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